Community-acquired methicillin-resistant Staphylococcus aureus (CA-MRSA) skin infections have been common in prisons for more than a decade. However, CA-MRSA as a cause of pneumonia has been reported infrequently. This infection can present with flu-like symptoms and rapidly progress, possibly leading to death in a matter of days. Two cases of MRSA community-acquired pneumonia (CAP) associated with influenza-like illness in correctional officers employed in two separate prisons within the California prison system are presented. Both individuals were previously healthy, but one died of this disease. MRSA is an uncommon, but now recognized, cause of CAP. These cases are notable for their unique presentation and occurrence in non-health care, occupational settings. Prompt diagnosis and intervention by occupational health nurses and physicians are critical to improving outcomes, especially in high-risk settings such as prisons. These worksites need an effective occupational health program to manage MRSA, with adequate training for both employees and inmates.
MRSA CAP associated with influenza-like illness were reported in correctional officers from the California Department of Corrections. One officer died of the disease. Although cases of non-occupationally acquired MRSA CAP have been reported in the literature, these two cases are significant because they were reported as occupationally acquired in the course of work in the California state prison system. This article describes the cases and suggests preventive measures.
CASE REPORTS Prison 1
A 45-year-old female correctional officer with no prior chronic health problems presented to her primary care physician with a 3-day history of sore throat, progressive productive cough with blood-tinged phlegm, and epigastric and right-sided abdominal pain. She was afebrile and denied hematemesis, melena, or contact with any probable MRSA-infected individuals. She had declined influenza vaccination that season. Occupational significant for working in the minimum security (Level I) portion of a state prison that housed 300 male inmates in two large dormitories. The officer-to-inmate ratio was I to ISO. The rest of the prison required high-level security (Level 4) and housed 4.000 inmates in 1-to 2-person cells . Of those inmates in Level 4, 43% were serving life sentences. This officer worked alone in one dormitory on the evening shift for the past 2 months. but previously had worked in the other dormitory. Her job duties included security. supervising and managing inmate activities, and inmate and bed searches. Her workstation was a kiosk in the center of the dormitory. with inmate bunk beds on both sides. and opposite the toilets. At least one inmate in her dormitory had a draining MRSA wound infection. She had received hazard communication training and used gloves during searches.
The clinical course of this officer is summarized in Figure I . MRSA infection was not initially recognized , as she presented with flu-like symptoms. Laboratory tests were positive for both influenza and MRSA. By the time she was treated with antibiotics appropriate for MRS A (vancomycin). she had bilateral severe pneumonia (Fig. 2) . Her condition rapidly deteriorated; she developed respiratory failure. hypotension. and renal failure. She died 5 days after the onset of symptoms. No autopsy was performed.
Prison 2 A 54-year-old male correctional officer with no chronic health problems reported to an urgent care clinic with a 3-to 5-day history of flu-like symptoms, including sore throat. congestion, nonproductive cough. and lowgrade fever. Past health history was only significant for a 32 pack-year history of smoking and declining the influenza vaccine for that season. Social history was negative for possible MRS A-infected contacts. Occupational history was significant for working as a correctional counselor in the prison system for 16 years and at a minimum security prison for I year. This minimum security prison had 4.500 inmates serving less than IO~year sentences. The inmates lived in dormitory housing . with about 100 inmates per dormitory. The officer-to-inmate ratio was I to 100. As a correctional counselor. this officer was an administrative liaison between the prison's substance abuse program and the California Department of Rehabilitation. Division of Addiction and Recovery Services. His physical work location varied among the substance abuse program buildings on site. adjacent to the inmate dormitories . He walked through the dormitories to meet with staff and inmates about substance abuse programs and to arrange aftercare for inmates. He also walked through the dormitories when traveling to and from the substance abuse program offices. He interacted with inmates in the classroom and his office. It was common for inmates with MRSA infections to keep them hidden under their cloth- tigations of both facilities. Although each prison had a MRSA protocol, the above described cases were the first pulmonary MRSA for each facility. ing. He had received training on blood-borne pathogens and infection control, and minimal training on MRSA. Gloves were available but not required for his job. Handwashing facilities were in nearby bathrooms. The officer's infection progressed after starting with flu-like symptoms ( Fig. 3 ). Radiographs are shown in Figures 4 and 5. He had a relapsing course, but ultimately recovered from MRSACAP.
In each case, the prison did not report the incident to CaVOSHA in a timely manner. The first case was reported 3 days after the officer's death, and the second was reported 9 months after hospitalization. The medical unit at CaVOSHA, including an occupational health nurse and an occupational medicine resident, undertook full inves-
DISCUSSION
This article reports two cases of serious occupational pneumonia due to MRSA in prison staff members. The Centers for Disease Control and Prevention (CDC) defines and distinguishes CA-MRSA infections from health care-associated MRSA infections as those that meet all of the criteria in Table I ( CDC, 2(05) .
Although MRSA is a well-recognized problem among inmates, identification of risk among prison workers has been delayed. In particular, these two cases of fatal and serious occupational MRSA pneumonia underscore the significance of this disease for both employees and inmates. Although the source case was not identified in these two prisons, the two employees were likely at risk because they worked in correctional facilities and were in contact with hundreds of inmates daily, some of , 2008) . This, in combination with the overcrowded conditions, shared spaces, inadequate laundry facilities, and barriers to health care, creates the perfect setting for the spread of infectious diseases in prisons and to visitors (Bick, 2007a) . Diseases also spread to communities as prison staff, visitors, and inmates return (or are released) to their homes.
The emergence of MRSA as a cause of infection among previously healthy individuals with no MRSA risk factors in the community is gradually becoming known. MRSA pneumonia can be rapidly fatal and often affects young, otherwise healthy workers. Those with a history of MRSA skin infections who later become sick with influenza or pneumonia are at risk for developing MRSA CAP, especially during influenza seasons. Secondary S. aureus pneumonia is a serious complication of influenza, and coinfections can quickly become severe, necrotizing, methicillin-resistant pneumonias with high case fatality rates (CDC, 2007) . MRSA CAP should be suspected in individuals who have influenza or flu-like illness and severe respiratory symptoms. The clinical course often begins with a 1-to 2-week viral prodrome that rapidly deteriorates into a full-blown, necrotizing pneumonia with cavitary lung lesions. Fever and hemoptysis may be absent. The Infectious Diseases Society of America! American Thoracic Society offer diagnosis and treatment guidelines for CAP (Mandell et aI., 2007) . It has been reported that individuals who lack the flu-like prodrome have better clinical outcomes because the microbial burden on the lungs is less (Alonso-Tarres et aI., 2005). The two employees in this article declined the influenza vaccine during the 2008 influenza season, which likely left them more susceptible to influenza and the ensuing superinfection with MRSA.
Sixteen cases of necrotizing CA-MRSA pneumonia in immunocompetent patients were reported to the CDC in 2002, with a hospital mortality rate of 75% (Dickson, Martinez, & Ortiz, 2008) . During the 2003 to 2007 influenza seasons, more than 25 additional cases of influenza-associated CAP caused by MRSA among previously healthy adults and children were reported to the CDC, including 6 deaths (CDC, 2007) . Among the IOcases reported in Louisiana and Georgia, 6 had laboratory-confirmed influenza, and none had been vaccinated. All 10 cases had influenza-like illness preceding or coexisting with CAP. Among the 6 patients who died, 4 died within 4 days of the onset of respiratory symptoms (CDC, 2007) . The short duration suggests concomitant infection with influenza and MRSA.
Pathogenesis
Growing evidence suggests that S. aureus and influenza have a synergistic relationship. Influenza increases S. aureus adhesion throughout the respiratory tract, and S. aureus proteases increase influenza viral replication (Hageman et aI., 2006) . Each increases the severity of the other. Some strains of influenza A decrease phagocytosis of S. aureus, leading to greater susceptibility from coinfections; no other respiratory virus appears to do this (Hageman et aI., 2006) .
Prevention
Several preventive strategies are appropriate for prison workers.
Source Control. Early identification of inmates with MRSA by prison health care staff, nurses, and physicians can lead to appropriate isolation and treatment of inmates before they transmit the infection. This approach is consistent with the Society for Healthcare Epidemiology of America recommendations: all hospital admissions with risk factors be screened for infection or colonization with MRSA, contact precautions for all individuals positive for MRSA, and antibiotic restriction to prevent the spread of MRSA and to decrease antibiotic resistance (Bick, zoon».
Transmission Control. Steps to prevent transmission from source to worker include work practices such as hand hygiene before and after inmate contact and use of personal protective equipment whenever searching inmates and in high-risk situations (e.g., performing wound care and working with known infected inmates). Several workplace controls (e.g., regular availability of handwashing stations and gloves, especially in health Early Recognition. Early recognition of MRSA among prison workers by both occupational health nurses and physicians can facilitate proper care. Early recognition is aided by the education of prison workers and their health care providers about the early manifestations and risk factors. The Federal Bureau of Prisons (2010) has established clinical practice guidelines on the management of MRSA infections, and a MRSA training video for both inmates and prison workers is available from the New Jersey Department of Corrections (2006) . Workers should be encouraged to report symptoms early. Access to proper health care can be aided by an effective occupational health service within the prisons covered by workers' compensation.
Prevention of Complications. Complications of MRSA infection in prison workers can be reduced. Early treatment with appropriate antibiotics should decrease the likelihood of developing a serious or fatal infection. Current recommendations for antibiotic therapy include treatment with vancomycin or linezolid. Case I had a delayed diagnosis and did not receive appropriate antibiotics for several days. Influenza vaccination, recommended in general for prison workers, is likely to be effective in reducing susceptibility to pneumonia. Occupational health nurses within the prisons should encourage and promote the influenza vaccination among prison workers and inmates.
Surveillance. Surveillance of both inmate populations and prison workers may be particularly effective in identifying high-risk areas and facilitating early recognition. It may also serve as a measure of compliance with appropriate work practices and departmental controls. Surveillance may be based on workers' compensation data or periodic surveillance examinations.
Regulation. Regulatory approaches to prevent MRSA infections include compliance with Occupational Safety and Health Administration (OSHA) regulations. CaVOSHA, in enforcing occupational safety and health standards in California, may issue special orders more stringent than federal OSHA. Recognizing the high incidence of MRSA in California prisons, CaVOSHA issued a special order on December 23, 2008, requiring correctional facilities to develop and implement a program-using the elements in Table 2 -to address MRSA infection in prisons. The evaluation of these cases suggests that conditions were not well controlled.
MRSA infections are reportable to the public health department in some states. In California, severe S. aureus infections resulting in death or admission to an intensive care unit of a previously healthy individual (no hospitalizations, surgery, dialysis, or residency in a long-term care facility in the past year, and no indwelling catheter Serious illness and death can be prevented by prompt empiric treatment of secondary bacterial pneumonia and early diagnosis of necrotizing MRSA CAP, especially in those from high-risk settings such as the prison system. Prisons should have an effective occupational health service with an injury and illness prevention program for MRSA that includes screening inmates for MRSA infection, training prison employees, and having environmental controls such as handwashing stations and isolation units.
Occupational health nurses in the prison system playa critical role in preventing MRSA within prisons . As front-line health care workers interacting with both inmates and employees , they are instrumental in MRSA detection , prevention, education, and control. or percutaneous medical device at the time of culture) are immediately reportable to local health departments (Rosenberg, 2(08) .
For workers' compensation purposes in California, legislation was signed into law adding MRSA to the list of existing presumptions that are afforded to public safety personnel. Under the law, when a public safety officer contracts MRSA, it is presumed to be work-related, making the worker eligible for work-related health care and disability benefits (Legislative victory, 2(08).
Control of MRSA infections in prison workers has much in common with prevention of MRSA among health care workers. The unique aspects , however, in the current study include a higher at-risk population of inmates, extensive contact of employees with inmates, and limited availability of handwashing stations.
CONCLUSION
MRSA is an increasingly recognized cause of CAP (Johnston , 1994) . These cases are notable not only for their rapidly declining clinical features, but also because they were occupationally acquired infections in a non-health care setting. Both employees were otherwise healthy individuals with a common risk factor of working in the prison 'system among inmates known to have MRSA skin infections .
